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A brief motivation for studying cosmic rays at energies 1014 <
∼
E <
∼
1017 eV
is given. Besides astrophysical interests in identifying and understanding their
sources, there are also particle physics aspects related to their transport properties
in the galaxy or to their detection via extensive air showers. The KASCADE
air shower experiment taking data at Forschungszentrum Karlsruhe (Germany)
provides important information to both of these topics of particle-astrophysics
research. A target of particular interest is the so-called “knee” in the cosmic ray
energy spectrum at Ek ≈ 4 · 10
15 eV. Recent results adding knowledge to an
understanding its origin will be presented as well as results on tests of high-energy
hadronic interaction models required for air shower simulations.
1 Introduction
The origin and acceleration mechanism of ultra-high energy cosmic rays have
been subject to debate for several decades. Mainly for reasons of the power re-
quired to maintain the observed cosmic ray energy density of εcr ≈ 1 eV/cm3
the dominant acceleration sites are generally believed to be supernova rem-
nants (SNR). Charged particles mainly originating from the surrounding in-
terstellar medium of the pre-supernova star may get trapped at the highly
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supersonic shock wave generated by the SN explosion. Repeatedly reflec-
tions on both sides of the shock front lead to an acceleration by the so-called
‘first order Fermi mechanism’. Naturally, this leads to a power law spectrum
dj/dE ∝ E−γ as is observed experimentally. Simple dimensional estimates
show that this process is limited to Emax <∼ Z × (ρ × B), with Z being the
atomic number of the cosmic ray (CR) isotope and ρ, B the size and mag-
netic field strength of the acceleration region. A more detailed examination
of the astrophysical parameters suggests an upper limit of acceleration of
Emax ≈ Z × 1015 eV1,2. Curiously, the CR spectrum steepens from γ ≃ 2.75
to ≃ 3.1 at E ≃ 4× 1015 eV which is called the ‘knee’. The coincidence thus
may indicate that the ‘knee’ is related to the upper limit of acceleration.
An alternative interpretation of the knee is that it may reflect a change in
the propagation of CRs from their sources to the solar system. Propagation
effects are studied mostly by balloon or space borne experiments measuring
abundances of secondary to primary CR isotopes at energies up to some GeV.
A prominent example is the B/C-ratio. Analysing such data yields the ‘escape
time’ of CRs from our galaxy which scales with energy according to τesc ∝ E−δ
with δ ≈ 0.6. A simple extrapolation of τesc to higher energies breaks down
at E ≈ 3 · 1015 eV, because cτesc ∼ 300 pc which is the thickness of the
galactic disk3. The value corresponds to just one crossing of the disk and
would give rise to significant anisotropies with respect to the galactic plane
when approaching this value. Similarly as to the process of acceleration at
SNR shocks, the process of galactic containment is closely related to magnetic
field confinement, i.e. in addition to anisotropies one again expects Egalmax ∝ Z.
A picture related to both of these interpretations has been proposed by Er-
lykin and Wolfendale4. They consider the knee as a superposition of a weakly
energy dependent galactic modulation with additional prominent structures
in the flux spectrum caused by a single near-by object. This so-called ’sin-
gle source model’ assumes that a shock wave of a recent nearby supernova
which exploded some 10,000 years ago at a distance of a few hundred parsecs
currently propagates, or has recently propagated through the solar system
causing distinct peaks of elemental groups in the energy spectrum. However,
there is some controversy whether or not the statistics of presently existing
data gives support to the model.
Recently, a more particle physics motivated picture of explaining the knee
was put forward by Wigmans5. He suggested that inverse beta decay of
protons with massive relic neutrinos according to p + ν¯e → n + e+ could
destroy protons. Simple kinematics shows that this channel is open for Ep >
1.7 ·1015eV/mν(eV). Thus, the knee energy Eknee ≃ 4 PeV would correspond
to an electron neutrino mass of∼ 0.4 eV, a value presently not excluded by any
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